For the sample from Ge et al. of 87 low-z Palomar-Green (PG) quasi-stellar objects (QSOs) and 130 high-z QSOs (0 < z < 5) with Hβ-based single-epoch supermassive black hole (SMBH) masses, we performed a uniform decomposition of the C iv λ1549 broad-line profile. Based on the rest frame defined by the [O iii] λ5007 narrow emission line, a medium-strong positive correlation is found between the C iv blueshift and the luminosity at 5100Å or the Eddington ratio L Bol /L Edd . A medium-strong negative relationship is found between the C iv blueshift and C iv equivalent width. These results support the postulation where the radiation pressure may be the driver of C iv blueshift. There is a medium strong correlation between the mass ratio of C iv-based to Hβ-based M BH and the C iv blueshift, which indicates that the bias for C iv-based M BH is affected by the C iv profile.
INTRODUCTION
Broad emission lines are the most prominent spectral features of Type I active galactic nuclei (AGNs) and quasi-stellar objects (QSOs). It is believed that broad emission lines are produced by photoionization. The ionizing photons are from the accretion disc surrounding the central supermassive black hole (SMBH) in AGNs/QSOs. These photons irradiate the high-velocity clouds in broad line regions (BLRs) and the subsequent recombination produces the broad emission lines. The broad emission lines have been studied for many years with regard to their geometry and kinematics. The observed properties of broad emission lines including the width, strength, and profile can give us insight into the physical processes in the central regions of AGNs/QSOs (e.g., Wang et al. 2017) .
The blueshift of the C iv emission line relative to low-ionization lines is unambiguously detected in many samples (e.g., Gaskell 1982; Richards et al. 2002; Vanden Berk et al. 2001; Wang et al. 2011) . It indicates that an outflowing wind may be a common configuraCorresponding author: Wei-Hao Bian whbian@njnu.edu.cn tion for the BLR clouds (Gaskell 1982; Marziani et al. 1996; Leighly 2004) . Richards et al. (2011) proposed a two-component model for BLRs, namely a wind and a disk component. In this model, a stronger EUV ionizing continuum will reduce the wind component relative to the disk lines by ionizing the atoms that would otherwise produce the line-driven wind; for weaker EUV/soft X-ray, the wind component can develop, and the disk component is further reduced because the wind absorbs some of the ionizing continuum. The C iv blueshift quantifies the relative strength of these two components. The C iv equivalent width (EW) quantifies the total BLR gas and ionizing UV photons reaching the disk.
Actually, the accuracy of the C iv blueshift determination depends on the measurement of systemic redshift.
There are several ways used to obtain AGNs/QSOs redshifts. (1) Host galaxy absorption lines. However, these host absorption lines are usually contaminated by the light from the AGN/QSOs in spatially unresolved spectra. It makes the absorption lines too weak to be recognized. (2) The narrow [O iii] or Balmer lines. These lines have been measured to have very low blueshifts or redshifts (e.g. Marziani et al. 1996; Sulentic et al. 2000; Richards et al. 2002; Hewett & Wild 2010) . In more distant QSOs (z > 0.8), [O iii] and Hβ have shifted into the near-infrared (NIR), for which infrared spectrographs need be used to measure the common rest frame optical lines of these QSOs. (3) UV emission lines. Mg ii λ2798 is accepted to be the most dependable UV emission line for the measurement of AGNs/QSOs redshifts (e.g., Tytler & Fan 1992) . However, when z > 2.2, the wavelength of Mg ii moves beyond the optical window. C iv λ1549 will be a reliable alternative for the measurement of redshift when Mg ii is not available. However, the C iv outflow makes difficulties for the measurement of the redshifts.
The Hβ line is widely adopted to estimate the M BH of AGNs/QSOs (e.g., Kaspi et al. 2000; Collin et al. 2006; McLure & Jarvis 2002; Onken & Kollmeier 2008; Ge et al. 2016 ) because of its calibration through reverberation mapping at low redshift. For the high-ionization lines, such as C iv, Baskin & Laor (2004b) found that, for QSOs with Hβ FWHM < 4000 km s −1 , the C iv-based M BH is higher by a factor of 3-4 than the Hβ-based M BH . In contrast, for QSOs with Hβ FWHM > 4000 km s −1 , the C iv-based M BH is lower by the same factor. The C iv-based M BH is biased with respect to the Hβ-based M BH (e.g., Bian et al. 2012; Shen & Liu 2012) . The uncertainties in the determination of M BH may arise from the non-virial component shown in the line profile, such as from a radiation driven disk wind (e.g., Murray et al. 1995; Proga et al. 2000; Richards et al. 2011; Coatman et al. 2017) .
In this paper, for a compiled sample of low-z PalomarGreen (PG) QSOs and high-z QSOs, spectral decomposition is used to investigate the blueshift of the C iv broad emission line relative to [O iii] λ5007. The sample and analysis are described in §2. Our result and discussion are given in §3. Finally, our conclusions are presented in §4. All of the cosmological calculations in this paper assume H 0 = 70 km s −1 Mpc −1 , Ω M = 0.3, and Ω Λ = 0.7.
SAMPLE AND ANALYSIS

Sample selection
A low-z sample is adopted from the opticaly selected sample of PG QSOs (Boroson & Green 1992) . It contains 87 PG QSOs with 0 < z < 0.5 from the Bright Quasar Survey (Schmidt & Green 1983) . It is the most thoroughly explored sample of AGN/QSO, with a lot of high-quality broadband data, including X-ray, optical, infrared and radio (e.g., Boroson & Green 1992; Brandt et al. 2000; Baskin & Laor 2004a,b; Shi et al. 2014; Bian et al. 2016) . The optical spectra of the 87 objects are from the Gold Spectrograph on the KPNO 2.1 m telescope. The resolution of the spectra is 6.5Å corresponding to ∼ 400 km s −1 . The redshift of each QSO was measured from the [O iii] λ 5007 narrow emission line except for 8 QSOs with weak or absent [O iii] . Their redshifts were measured through the Hβ line (Boroson & Green 1992) .
The UV spectra covering C iv 1549Å of 85 PG QSOs are available in the MAST archive, 47 from Hubble Space Telescope (HST) and 38 from the International Ultraviolet Explorer (IUE). Three sources, PG 0934+013, PG 1004+130, and PG 1448+273, do not have enough S/N to fit their C iv profiles. We also exclude fifteen sources that are heavily absorbed in the C iv region (Laor & Brandt 2002; Baskin & Laor 2004b) because our fitting method used here is not suitable for profiles with a broad absorption line (BAL). Finally, there are 67 PG QSOs which are available for spectral decomposition. The UV spectra for 35 PG QSOs are available from HST, which were observed with the Faint Object Spectrograph (FOS) covering the wavelength range 1150 − 8500Å. The spectral resolutions (R = λ/∆λ) for FOS observations are R ≈ 1300 and R ≈ 250 at high and low spectral resolution, respectively. The UV spectra for the 32 PG QSOs are available from IUE with spectral resolution of R ≈ 200 (Anand et al. 2009 ). The wavelength range of the IUE UV spectra are 1151−2000Å and 1850−3400Å at short wavelength Prime (SWP) and Long wavelength Prime (LWP) respectively. For some PG QSOs with IUE spectra, we did not add other observations, although a small number of sources were observed again using other spectrographs. We think that the choice spectrographs of will not impact our results. Table 1 lists the information for these 67 PG QSOs.
The SDSS I/II data (Data Relaease from 1 to 7, DR1-DR7) are available from the dedicated wide-field 2.5 m telescope (Gunn et al. 2006) at Apache Point Observatory near Sacramento Peak in Southern New Mexico. The spectral resolution is up to 69 km s . The wavelength range is from 3800Å to 9200Å. SDSS III (Data Relaease from 8 to 12, DR8-DR12) extends the range of wavelength from 3600Å to 10400Å. Ge et al. (2016) collected 181 high-z QSOs with Hβ-based M BH from different literatures. They crossed match the sample with Shen et al. (2011) and obtained only 125 sources with C iv fitting data 1 . In this paper, we use 130/181 sources where 125 objects are from Ge et al. (2016) and their UV spectra are obtained from SDSS DR7 (Abazajian et al. 2009; York et al. 2000) . For 5 of the 130 high-z QSOs (i.e., TON618, UM667, SDSSJ105123+35453, SDSSJ153650+50081 and SDSSJ165354+40540), their UV spectra are from SDSS DR12 (Pâris et al. 2016) because the UV spectra with C iv are not available in SDSS DR7.
To get reliable measurements of the blueshift of the C iv line, we constructed a subsample from these low-z and high-z QSOs, i.e., 67 PG QSOs and 112 high-z QSOs. For high-z QSOs, we eliminated 9 BAL QSOs identified by Shen et al. (2011) and visualizing and 7 weak-line sources from Shemmer & Lieber (2015) . In addition, we also excluded Q0142-100 and PG 1115+080 that are from Assef et al. (2011) , because of the lack of a redshift estimate from [O iii] or Hβ/Hα . The high-z QSOs in subsample comprises 112 QSOs, where 60 are from Shen & Liu (2012) , 3 are from Assef et al. (2011) , 12 are from Shemmer et al. (2004) , 15 are from Netzer et al. (2007) and 22 are from Jun et al. (2015) . We perform the two-dimensional K-S test on the entire sample and subsample and find no significant difference between the two samples ( Figure 1) . The large p value (> 0.001) shows that our selection of subsample does not significantly affect the results of this work. We call the subsample as "sample" which will be analysed in following sections. Table 2 lists the information for these high-z QSOs.
The high-z sources were chosen with high S/N in SDSS spectra, and have Hβ/[O iii] fall in a good place in the near infrared atmospheric window. The high S/N, however, may lead the QSOs with very broad lines and low EW in C iv to be under-represented in this work. One property of our sample is that PG and high-z QSOs are bright in UV band. This property reduces the objects that are reddened by circum-nuclear dust might differentially suppresses some of the C iv emitting material. The dust-obscured objects may lead a different correlation, but would not be as valid for learning about the physical origin of the total C iv profile. It is worth emphasizing that the M BH of the sample is Hβ-based thanks to the infrared observation. This unity enables us to explore the relationship between the C iv blueshift and L Bol /L Edd from low-z to high-z QSOs. In addition, There are 14 and 11 radio loudness QSOs in PG QSOs and high-z QSOs respectively. We do not exclude these objects and will discuss their C iv blueshift in Section 3.
UV spectral decomposition
We need to point out that an average spectrum, weighted by the S/N ratio, is adopted when more than one spectrum is available. We performed least-χ 2 fits to the UV emission line spectra. The χ 2 is determined by the error in the flux. The mean reduced χ 2 are 1.43 and 1.25 for high-z and low-z QSOs respectively. We list the steps of spectral decomposition as follows. First, the spectra are corrected for Galactic extinction using their A V values from the NASA/IPAC Extragalactic Database assuming an extinction curve with R V = 3.1 (Cardelli et al. 1989 ). The extinction-corrected observed spectra are then transformed to the rest frame; no extinction correction is applied for the host galaxy. For PG QSOs, we use the redshifts from Boroson & Green (1992) . For high-z QSOs, we adopt the redshifts from Hewett & Wild (2010) . For UM667 and TON618, their redshifts are adopted from the NASA/IPAC Extragalactic Database because their redshifts are not available in Hewett & Wild (2010) . Next, we fit the continuum using a power law function in two fitting windows near ∼ 1450Å and ∼ 1710Å. Finally, the C iv emission line in the continuum-subtracted spectrum is fitted with two Gaussians, one with intermediate velocity width and another with broader width. The FWHM of the two components from BLRs is restricted to be more than 1000 and less than 20000 km s −1 . Simultaneously, we constrain the centers of their profiles to have a shift range of ∼15Å. The fitting window for the C iv line covers the range of 1470-1600Å considering the contamination of He ii λ 1640. It is found that a two-Gaussian fit is adequate for the C iv profile in our low-z and high-z QSOs. Figure 2 shows the examples of the fitting of the continuum and the C iv line. We list the profile parameters of low-and high-z QSOs in Tables 3 and 4 . Wills et al. (1993) and Brotherton et al. (1994) presented statistical investigation of broad emission-line profiles (such as C iv, Mg ii) in QSOs. They proposed a two-component model where a narrow core component (FWHM ∼ 2000 km s −1 ) and a broad base component (FWHM ∼ 7000 km s −1 ) with blueshift ∼ 1000 km s −1 relative to the core component to interpret their results. They suggested that the core-to-base ratio determines the profile of emission line.
For the two-Gaussian fitting of the C iv line, the EW(C iv) of the entire profile is calculated by integrating both components and the results are consistent with Wu et al. (2009) . The error for EW(C iv) is derived from the errors of the integrated C iv flux and the continuum flux in our fits.
From the reconstructed C iv profile of our twoGaussian fitting, the C iv peak wavelength is calculated, as well as its error. With respect to the rest frame defined by the [O iii] emission line or the Balmer emission Examples of the UV continuum and emission line fittings for a low-z (left) and a high-z (right) QSO. The original spectra and the fitting windows for the continuum are marked in black and green. The cyan curve is the power law which represents the continuum. The inset shows the fitting of the C iv emission line. The fitting window is also shown in green. The narrow and broad components are marked in blue, and their sum is marked in red. The residual spectrum is shown at the bottom.
line (i.e., z sys ), the C iv blueshift and the error can be calculated following Equations 1 and 2, where c is the speed of light. In Equation 1, λ is the C iv peak wavelength in the rest frame defined by z fit used in our fitting, and z sys is the systemic redshift that is defined by the [O iii] or Balmer emission line. The error of the C iv blueshift is determined by the error of the peak wavelength and errors of these two redshifts, which is related to the spectral resolution during observations.
We calculate the error of the C iv blueshift according to the error transfer formula (Equation 2). For PG QSOs, the resolution of the optical spectra is 6.5Å corresponding to ∼ 400 km s −1 . The resolution of the UV spectra is ∼ 460 km s −1 and ∼ 1200 km s −1 for HST and IUE data, respectively. For a high-z QSO (z = 2) with infrared spectral resolution R ∼ 100, the uncertainty of its blueshift is ∼ 1000 km s −1 . If R ∼ 3000, then the uncertainty of its blueshift is ∼ 30 km s −1 . For SDSS UV spectra, R ∼ 2000, and the uncertainty of blueshifts is ∼ 50 km s −1 . Typically, the centroid of a well-shaped emission line can be determined to at least 0.1 or better of the spectral resolution. The larger uncertainty in the C iv blueshift comes from noise in the broad emission line profiles (Boroson & Green 1992) . We can therefore ignore the effect of spectral resolution on the error of the blueshift. For that reason, we do not consider the uncertainties from the spectral resolution and the two redshifts, z f it and z sys for either low-or high-z QSOs. The error of the C iv blueshift is calculated only from the error of the fit of the C iv peak wavelength.
For our sample of low-z and high-z QSOs, Ge et al. (2016) has computed the Hβ-based single-epoch SMBH mass, M BH and host-corrected L Bol /L Edd . They estimated the bolometric luminosity based on a constant bolometric correction (9.26) and host-corrected L(5100Å) (see Ge et al. (2016) , for details) . We use these parameters to investigate the relation with the C iv blueshift. In order to investigate the bias in C iv-based M BH , we measure the C iv FWHM from the best-fitting C iv profile, as well as the luminosity at 1350Å. The C iv-based SMBH mass is calculated following the formula of .
RESULT AND DISCUSSION
Blueshift of the whole C iv emission line
Based on the rest frame defined by [O iii] λ5007 or other low-ionization emission line (e.g., Hβ ), the blueshift of the whole C iv profile is investigated for our sample. Figure 3 shows the distribution of C iv velocity shift for low-z PG QSOs (black), high-z QSOs (red) and our sample (blue). Most objects exhibit blueshift (positive values) and the biggest blueshift is up to ∼ 3200 km s −1 . The average and standard deviation of the distribution are 549.22 km s −1 and 871.34 km s −1 respectively. We note that Coatman et al. (2017) showed a more extended tail of blueshift (>3000 km s −1 ) based on the rest-frame defined by Balmer lines, which may originate from different definition of systemic redshift in our work and their work. We also note that the blueshift of PG and high-z QSOs are ∼ 300 km s −1 and ∼ 700 km s −1 respectively. The lower blueshift for PG QSOs is correlative with the lower bolometric luminosity, which reduces the average blueshift of our sample.
We explore the relationship between the C iv velocity shift and the continuum luminosity at 5100Å. Figure 4 shows that there is a weak correlation between the C iv blueshift and L(5100Å) for the sample, where r = 0.23 and p = 2.3 × 10 −3 . The weak correlation may be due to the mixing of L Bol /L Edd . Figure 5 shows the relationship between the C iv blueshift and the continuum luminosity at 5100Å in different L Bol /L Edd bins. We can see the correlation coefficient for low L Bol /L Edd is higher that of high L Bol /L Edd (0.38 vs 0.16). The result is consistent with that given by Shen et al. (2016) . They investigated the velocity shifts of QSOs emission lines from SDSS reverberation mapping project and found the velocity shift of C iv relative to Mg ii has stronger luminosity dependence than other emission lines (such as
and Mg ii). It is worth noting that our correlation test in right panel of Figure 5 agrees with Shen et al. (2016) (r ∼ 0.4) when considering only the objects with the continuum luminosity less than ∼ 10 46 erg s −1 . In this work, there are 14 and 11 radio loudness QSOs in PG QSOs and high-z QSOs respectively. We find the correlation coefficients for the C iv blueshift and L(5100Å)/L Bol /L Edd only increase by 0.06 after excluding the radio loudness QSOs. Therefore, radio loudness QSOs in our sample do not affect significantly our results. These radio loudness QSOs have, on average, smaller C iv blueshift (132 km s −1 ) than that of radio quiet QSOs (616 km s −1 ), which is consistent with the result of Richards et al. (2011) . Figure 6 displays the relationship between the C iv blueshift and L Bol /L Edd for the sample, where r = 0.27 and p = 3.3 × 10 −4 . It is found that the relation will become flat when we go to higher L Bol /L Edd . The possible explanation for the flat relation is that the size of BLR does not depend on the luminosity in high accretion rate QSOs (Du et al. 2018) . Some studies have suggested that the accretion disc will become geometrically thick (e.g., slim disc) in high accretion rate regime, which significantly reduces the amount of the ionizing photons reaching BLR, and then leads to saturated luminosity (Wang & Zhou 1999; Wang et al. 2014 ). The selfshadowing effect of slim discs reduces the radiation pressure and flatten the relation between the C iv blueshift and L Bol /L Edd or L(5100Å). Ge et al. (2016) estimated the intrinsic total luminosity of low-z and high-z QSOs based on a simple scaling factor. Such a rough calculation may not reveal the intrinsic relations of these parameters. Actually, the reradiation from dust has great contamination to the intrinsic AGN luminosity, thus the L Bol /L Edd . Marconi et al. (2004) constructed a SED template spectrum without the infrared bump based on α (optical-UV spectral index) and α ox (optical-X-ray spectral index). They derived the bolometric correction which depends on monochromatic luminosity from the templates. For our sample, the range of luminosity at 5100Å is from 10 43 to 10 47 erg s −1 and the corresponding bolometric correction is between 5 and 9. So in this work, we may overestimate the L Bol /L Edd , thus affecting our results. We also find a increasing correlation between the C iv blueshift and the luminosity of 5100Å (L Bol /L Edd ) when we remove the sources from Jun et al. (2015) in our sample. The correlation coefficient and the probability of the null hypothesis are 0.37 (0.40) and 1.8 × 10 −6 (1.8 × 10 −7 ) respectively. Simultaneously, we fitted the relationship between the C iv blueshift and L Bol /L Edd (solid line) in Figure 6 . The formula for the best fitting is V(CIV) = 2257.90(±312.17) + 2974.10(±548.23)
The resolution of infrared spectra from Jun et al. (2015) is the lowest (R ∼ 200), which can also affect the precision of L Bol /L Edd . In addition, Wang et al. (2011) presented a comparison of kinematics between C iv and Mg ii emission lines using SDSS data. They found that the blueshift of C iv is strongly correlative with L Bol /L Edd , which is especially prominent in high L Bol /L Edd regime. The same result was found by Sun et al. (2018) recently, who used multi-epoch SDSS spectra to investigate the dependence of the C iv blueshift on QSO properties.
Some scenarios have been proposed to explain the physical origin of the C iv blueshift. One of them is the orientation effect (Denney 2012) . However, the scenario was excluded by Runnoe et al. (2014) , Who found no correlation between the C iv blueshift and the orientation based on a sample of radio core dominance. In the other hand, the large L Bol /L Edd can cause highblueshift emission lines, as mentioned above. In general, the QSOs with high L Bol /L Edd display more apparent blueshift before approaching saturated luminosity. It indicates that the radiation pressure play an important role in driving the shift of peak wavelength of emission lines.
With the principal component analysis (PCA) of the low-z PG sample, Boroson & Green (1992) found that Principal Component 1 (PC1) is related to the relative strength of optical Fe ii to Hβ (R F e , the ratio between the strength of Fe ii emission and Hβ ), Principal Component 2 (PC2) links optical luminosity and α ox . With Hβ-based M BH , Boroson (2002) suggested that PC1 is mainly correlated with L Bol /L Edd and PC2 has a strong connection with M BH and L Bol /L Edd . We explore the relationship between the C iv blueshift and PC1/PC2 and R F e for PG QSOs. It is found that the C iv blueshift has a very weak correlation with PC1 or R F e but has a medium strength correlation with PC2. The correlation coefficients are -0.11, 0.15 and -0.33 for PC1, R F e and PC2, respectively. The relation between PC1/PC2 and L Bol /L Edd /M BH needs to be investigated with more reliable measurements of M BH in QSOs.
In order to explore the relationship between EW (C iv) and the C iv blueshift, We choose a subsample containing 67 PG QSOs and 43 high-z QSOs from our sample. These high-z QSOs have C iv emission line S/N ratio > 5 and z > 2. Figure 7 shows the relationship between EW (C iv) and the C iv blueshift. A medium strength correlation is found between them (r = −0.41), which is consistent with the wind-disk model of BLRs given by Richards et al. (2011) . Higher L Bol /L Edd may lead to the formation of a wind component. If the BLR is dominated by the wind component, broad emission lines will show the blueshift and their strength will be suppressed (Richards et al. 2011) .
Alternatively, Shemmer & Lieber (2015) pointed out that the lowest scatter relationship is not continuum vs. EW (C iv), but rather Hβ-based L Bol /L Edd , i.e., modified Baldwin effect (MBE). The MBE can also be used to explain the relationship between the total EW (C iv) and the C iv blueshift. As L Bol /L Edd changes, there are expected changes in the thickness of the inner accretion disk, which may well affect the ionization of the BLR and a disk wind. Furthermore, if objects are viewed from the direction of pole-on, then these objects will exhibit narrower line width, but actually lower L Bol /L Edd (lower C iv blueshift). Therefore orientation effect cannot be the main explanation of the outliers in Figure  7 . Weak line QSOs deviating considerably from the classical Baldwin effect and MBE in Shemmer & Lieber (2015) reveal that the relationship between the profile and EW (C iv) may not only depend on L Bol /L Edd , but also additional physical properties (such as BLR geometry, density and metallicity).
The relationship between EW (C iv) and the C iv blueshift also supports the classical Baldwin effect that originating from the softening of high-energy photons (Netzer et al. 1992; Korista et al. 1998; Dietrich et al. 2002) . The larger blueshift indicates stronger wind component. As suggested by Richards et al. (2011) , the reduction of the number of high-energy photons that can ionize gas is beneficial to the formation of wind component, thus enhancing the blueshift. The wind component is not separated from the disk component in our fitting model. Therefore we are not sure that whether the Baldwin effect is triggered by the disappearance or weakness of wind component.
C iv-based M BH correction with the C iv blueshift
It is found that the C iv-based M BH is biased with respect to that based on Hβ (Shen & Liu 2012; Bian et al. 2012 ). This bias is suggested to be corrected by the C iv blueshift (Jun et al. 2017; Coatman et al. 2017) . Figure 8 shows the relationship between the M BH difference (C iv-based M BH and Hβ-based M BH ) and the C iv blueshift. It is found that there is a medium strong correlation between them with the correlation coefficient of r = 0.35 and the probability of the null hypothesis of p = 2.2 × 10 −4 . The black line is the best fit of the BCES bisector. The formula is as follows: log(M BH (CIV/Hβ)) = −0.34(±0.09) + 6.31(±1.57)
×10
−4 V(CIV)(4)
The red and green dashed lines in Figure 8 are from Jun et al. (2017) and Coatman et al. (2017) , respectively. We correct the C iv-based M BH according our best fit and find that the mean value and the dispersion of the M BH difference are 0.012 and 0.48 dex respectively, which shows that some other parameters need to be considered in the calculation of M BH from the C iv line. Compared to Hβ-based M BH , many previous studies have shown that the C iv-based single-epoch SMBH usually exhibits significant scatter (Baskin & Laor 2004b; Richards et al. 2011; Denney 2012; Bian et al. 2012; Shen & Liu 2012) .
Recent study shown by Coatman et al. (2017) used a high-z AGN sample (1.5 < z < 4.0) to investigate the relationship between the C iv blueshift and C iv-based M BH . They found that C iv-based M BH may be a factor 5 to 10 larger than that of Balmer-line-based at the C iv blueshift of more than 3000 km s −1 and given an empirical correction for the C iv-based M BH based on the relation between the C iv blueshift and the ratio of C iv FWHM to Hα FWHM. (2017)) and shown that the relation between FWHM (C iv/Hα)/FWHM (C iv/Mg ii) and the C iv blueshift is driven by the relation between the C iv blueshift and C iv FWHM, which suggested that the empirical correction constructed by the C iv blueshift and Balmer-line width for C iv-based single-epoch M BH , therefore, the L Bol /L Edd , is limited. In addition, they also found that there is no connection between Mg ii and C iv profiles according to the PCA analysis, suggesting highionization (C iv) and low-ionization (Hα , Mg ii) lines are distinct.
We find the C iv blueshift is indeed related to the ratio of M BH (Figure 8 ). However, our correction for C ivbased single-epoch M BH is limited considering the large system error of M BH , which is also seems to support the conclusion given by Mejía-Restrepo et al. (2018) that using solely C iv line width may not get the reliable virialized M BH . Line peak ratios needs to be considered (Runnoe et al. 2013; Brotherton et al. 2015) . To understand how to improve the accuracy of C iv-based singleepoch M BH , large sample including low-and high-z AGNs is required to analyze in the future.
The difference of the results among Coatman et al. (2017) , Mejía-Restrepo et al. (2018) and us may originate from the sample selection. The similarity about the samples is that all these studies use the sample of Shen & Liu (2012) . However, most of the objects in Shen & Liu (2012) are z < 1.7, which leads the incompleteness of the C iv profiles in blue waveband. Therefore, the profile parameters, such as FWHM and EW may be inaccurate for these objects. We select objects with z > 2.0 to avoid the issue and investigate the effects of the C iv blueshift on C iv-based single-epoch M BH in Section 3.2. In addition, a difference in the samples is that the utilization of PG QSOs (z < 0.5) in this work. PG QSOs have lower bolometric luminosity than high-z QSOs (z > 2.0), which allows us to expand our results to the end of low luminosity.
CONCLUSION
For a collected sample of low-z and high-z QSOs, spectral decomposition is used to investigate the blueshift of C iv broad emission line relative to systemic which is defined by [O iii] λ5007. The results are as follows:
(1) It is confirmed that a blueshift exists for the highionization C iv broad emission line in the rest frame defined by the narrow [O iii] line or Hβ . It is found that there is a medium strong positive correlation between the C iv blueshift and the luminosity of continuum or L Bol /L Edd , and a medium negative relationship between the C iv blueshift and EW(C iv). These results are consistent with the picture that radiation pressure is correlative to the C iv blueshift.
(2) There is a medium strong correlation between the ratio of C iv-based M BH to Hβ-based M BH and the C iv blueshift. This relationship depends on the accurate systemic redshift and the Hβ-based M BH . A larger sample is needed to investigate this relationship.
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